Identification of restorers and maintainers from cultivars and landraces through test crossing and their use in further breeding programme are the initial steps in three-line heterosis breeding. Two experiments, one in the greenhouse for F 1 hybrid seeds production and another in the field for parental screening, were conducted during the 1999 rice growing season at the Institute of Agriculture and Animal Science (IAAS, TU), Rampur, Nepal. Three cytoplasmic male sterile (CMS) lines, eight improved cultivars and six landraces of rice were studied for their fertility restoring and sterility maintaining abilities. Pollen sterility was studied based on their stainability with potassium iodide iodine (I-KI) solution. On the basis of their interaction with I-KI, pollens were categorized as unstained withered sterile (UWS), unstained spherical sterile (USS), stained round sterile (SRS) and stained round fertile (SRF). For each hybrid, the percentage of spikelet fertility was estimated. The test lines were categorized as restorers, partial restorers, maintainers, and partial maintainers on the basis of pollen sterility and spikelet fertility. The male sterile lines had mostly UWS and USS types of pollen, whereas the restorer lines had more SRS and SRF types. There was no strong evidence for a relationship between pollen fertility and spikelet fertility. Five restorers, three partial restorers, two partial maintainers and four maintainers were identified. These restorers can be used to develop the hybrid seed while maintainers to maintain and/or to develop new CMS lines, because these are locally adapted cultivars. Pedigree analysis revealed that, for some of these test lines, TN-1 and CR94-13 might be the donors of maintainer and restorer gene(s), respectively.
Introduction
In Nepal, rice accounts for about 50% of the total cropped area and food production (Upadhaya 1996) . Efforts to improve rice productivity in Nepal have resulted in the introduction of a large number of improved cultivars with varying yield potentials. To meet the demand created by increasing population and rising incomes, it is important to increase the yield potential of rice beyond that of semi-dwarf cultivars. Experiences in China, India, and Vietnam have established that hybrid rice offers an economically viable option to increase cultivar yield. The usual method for raising hybrids is to establish many inbred lines, perform inter-crosses and determine which hybrids are most productive in a given locality. As the female parents have to be male sterile, they should be maintained in every generation and male sterile lines have to be developed. They should be locally adapted and should perform well in hybrid combinations. The basic requisites for successful hybrid rice production are development of male sterile lines (A), maintainers (B) and restorers of fertility (R). Lin and Yuan (1980) reported the use of an effective restorer in China in commercial F 1 hybrids involving the wild aborted (WA) cytosterility system in 1973. Effective restorer lines for WA, Gam and Bt cytosterility systems have been identified among cultivated rice cultivars and elite breeding lines (Shinjyo 1969 , 1972 , Lin and Yuan 1980 . For the CMS-WA system hundreds of effective restorer lines have been identified among cultivated rice cultivars and elite breeding lines bred in China (Lin and Yuan 1980 , Yuan et al. 1994 ), International Rice Research Institute (IRRI 1983 , Govinda Raj and Virmani 1988 , Virmani 1994 , Indonesia (Suprihatno et al. 1994 ), India (Rangaswamy et al. 1987 , Siddiq et al. 1994 , and the Philippines (Lara et al. 1994) . The restorer lines for WA cytosterility were found more stable and their restoration ability was stronger (Virmani 1996) . The frequency of restorer lines was higher among late maturing Indica cultivars and negligible among Japonica cultivars (Lin and Yuan 1980) . The varieties IR24, IR26, IR661 and IR665, restorer of the most widely cultivated hybrids in China were developed at the IRRI (Virmani and Edwards 1983) .
Identification of maintainers and restorers from elite breeding lines and landraces through test crossing (Ikehashi and Araki 1984, Virmani 1996) and their use in further breeding programme are the initial steps in three-line heterosis breeding (Siddiq 1996) . The objectives of this study therefore, were to identify rice landraces and cultivars with fertility restoring ability and to identify maintainers of sterility among the test lines.
Materials and methods

Plant materials
This experiment was conducted in a greenhouse and experimental farm at the Institute of Agriculture and Animal Sciences (IAAS), Tribhuvan University, Rampur, Chitwan, Nepal, during the dry and wet seasons of 1999. The IAAS is located at 84º 29' E and 27º 37' N (224 m asl). Details of the 9 improved cultivars, 6 landraces and 3 wild aborted cytoplasmic male sterile (CMS) lines of rice used in this study are given in Table 1 . The improved cultivars and landraces were obtained from the National Rice Research Program (NRRP), Hardinath, and IAAS, Rampur, respectively. The CMS lines were obtained from the IRRI, Philippines.
F 1 seeds production
Crossing was performed in a greenhouse, using cylindrical crossing chambers made of 2.5 m plastic sheet. The top portion of the chamber was open. The pollen parents were seeded three times to ensure a continuous supply of pollen to the female parent during the period of flowering, while the CMS lines were seeded only once. Before crossing, each CMS plant was tested for pollen sterility. This was determined by staining pollen grains in 1% potassium iodideiodine (I-KI) solution. At heading, about 10 spikelets from each plant were collected in the morning just prior to blooming and fixed in 70% alcohol. All the anthers from 6 spikelets were excised with the help of forceps and placed in the stain. The pollen grains were released with a needle and gently crushed. After the debris was removed, a cover slip was placed over the pollen material and it was observed under a microscope (10x). The method is similar to that described by Virmani et al. (1997) and Chaudhary et al. (1981) . The CMS plants showing complete sterility were used for crossing. The F 1 seeds were produced in the greenhouse using the Approach method (Erickson 1970 
Pollen sterility
Pollen sterility of the F 1 s was determined by staining pollen grains in 1% I-KI solution (Dalmacio et al. 1995 , Virmani et al. 1997 , Sohu and Phul 1995 , Young et al. 1983 ). The pollen grains in 3 randomly selected microscopic fields were counted. The pollen grains were classified based on their shape, size and extent of staining (Virmani et al. 1997 , Young et al. 1983 as shown in Box 1.
In the case of CMS lines and some hybrids, the patterns of pollen abortion were classified as follows :
Type 1: Almost all pollen grains appear as UWS and USS. Type 2: The majority of pollen grains appear as USS (51%), followed by SRS (36%) and UWS (14%). Type 3: The majority of pollen grains are SRS (52%); UWS and USS are 20-25%.
Spikelet fertility
Five panicles from each experimental unit were bagged before flowering for spikelet fertility analysis. At maturity, the bagged panicles were examined for seed set. Spikelet fertility was determined by dividing the total number of seeds by the total number of spikelets. Test lines were classified on the basis of pollen fertility and spikelet fertility (Table 2 ). F 1 s were also classified on the basis of seed set as male parent or weaker than male parent, anthers whether plumpy yellow or white shriveled.
Results and discussion
The pollen and spikelet fertility of hybrids are given in Table 3 . In hybrids, pollen fertility ranged from 1 to 82% and spikelet fertility varied from 0 to 87%. Pollen fertility varied from 28 to 97%, while spikelet fertility ranged from 73 to 91% in pollen parents (Table 4) .
Our data indicates that pollen's susceptibility to staining with I-KI solution does not correlate with spikelet fertility. This may be due to the ability of single fertile pollen to fertilize a spikelet. It 
MP-male parent, W-weaker than MP, F-plumpy yellow anthers, S-white shriveled anthers on visual basis, R-restorer, PR-partial restorer, PM-partial maintainer, M-maintainer
as UWS and USS, II-majority of pollen as USS (51%) followed by SRS (36%) and UWS (14%), III-majority of pollen SRS followed by USS and UWS
suggests that pollen fertility is independent of the spikelet fertility. Therefore even a low number of fertile pollen counted in this study can give a higher seed set. However, the sterility of the inter-varietal rice hybrids is due primarily to pollen sterility. Guiquen et al. (1994) reported that sterility in the inter-varietal hybrids of cultivated rice is caused by the allelic interaction at the F 1 pollen sterility loci. Six loci of genes controlling F 1 pollen sterility in rice have been reported (Guiquen et al. 1994 ). Our study is in agreement with Guiquen et al. (1994) in that among F 1 hybrids, the higher the incidence of the heterozygote S i /S j at the six loci, the higher the incidence of pollen sterility and spikelet sterility.
Three CMS lines had a higher percentage of UWS and USS than that of rest lines. IR68888A had no SRF at all while the other two had some fertile pollen (Table 4 ). The higher percentage of SRS in hybrids IR68888A/Bindeswari, IR68888A/Khumal-7, IR62829A/Deharadune and IR68888A/Chiunde was associated, on average, with 1% SRF. The hybrids having higher SRS were associated with high frequency of SRF as in IR68888A/Radha-11, IR58025A/ Janaki, IR58025A/Kanchan, IR58025A/Khumal-4, IR58025A/Sabitri, IR58025A/Chaite-6, IR62829A/Ratodhan, IR62829A/Kature and IR58025A/IAR-97-34. Table 4 shows that hybrids with some SRF pollen had fewer filled grains in the panicles. It indicates that hybrids having higher UWS and USS will be more useful for developing new CMS lines from their sterile hybrids.
The hybrids were classified as semi-sterile on the basis of spikelet fertility of 40-80%. The male parents of these hybrids were designated as partial restorers. In these hybrids, SRS had dominated the other pollen categories. The partial restorer IAR-97-34 had more spikelet sterility than the other two partial restorers, Khumal-4 and Chaite-6. Spikelet fertility percentage varied widely among hybrids, and many hybrids had a lower spikelet fertility percentage than the high-yielding cultivars. Therefore, it is of practical importance to understand the causes of high spikelet sterility in hybrids for possible increase in spikelet fertility.
Restorers and maintainers identified in the study are summarized in Table 5 . Among these lines, five were restorers, three were partial restorers, four were maintainers and two were partial maintainers. Radha-11 was found to be an effective restorer for IR68888A, Kanchan and Sabitri for IR58025A and Ratodhan and Kature for IR62829A. Bindeswari and Khumal-7 were found to be maintainers for IR68888A, and Deharadune for IR62829A. No maintainer for IR58025A was found. With respect to maintaining ability, all maintainers appeared to function effectively in maintaining sterility. All F 1 of these pollen parents with CMS showed a rate of 0% spikelet fertility and 0.5 to 1% pollen fertility. The frequency of restorers (36%) was higher than that of maintainers (21%). The frequency of restorer lines was higher among rice cultivars originating in lower latitudes. Virmani and Edwards (1983) reported that effective restorer cultivars were mainly distributed in the tropics where Indica rice was exclusively grown. Virmani (1996) found a lower incidence of restorer lines in northern China, eastern Europe, Japan, and Korea. The restoring ability of rice cultivars has been found to be, to some extent, related to their origin (Govinda Raj and Virmani 1988) . Among Indica rice cultivars the frequency of R gene is higher in late maturing cultivars than in early maturing ones (Ahmed 1996) . The restorer frequency is very low in typical Japonica rice cultivars (Lin and Yuan 1980, Virmani et al. 1981) . It suggests that origin and pedigree of test lines are important characters to be considered in evaluating the rice genotypes for restoring and maintaining WA cytoplasm. Maintainer line, Bindeswari had been derived from the Taichun Native 1 (TN-1) . Therefore, Bindeswari may have received its maintaining property from TN-1. Similarly the restorer gene in Sabitri might have come from CR94-13. Since the restorers and maintainers identified here are locally adapted, these cultivars and landraces may have value in heterosis breeding. Restorers can be improved (Liu et al. 1998 ) by using various procedures. Among the approaches used in developing new restorers, recombination breeding is the most common (Ahmed 1996) . New restorers can be developed through cross breeding, which can enlarge the genetic base of R lines by pyramiding complementary traits from various sources in order to meet the breeding objectives. The CMS-WA system has been used extensively to transfer cytoplasmic male sterility traits in various genotypes both within and outside of China. The intensive use of a single source of male sterile cytoplasm in developing hybrid cultivars was found disastrous in the cases of Texas cytoplasm in maize and Tift cytoplasm in pear millet (Pokhriyal et al. 1974) . It was therefore, considered wise to diversify sources of the cytoplasm. The maintainer and restorer lines identified here may be useful in increasing genetic diversity. The restorers can be used to develop hybrids and the maintainers to maintain and/or to develop new CMS lines.
